Sisomicin, at 4.5 mg/kg per day, was prescribed for the therapy of serious bacterial infections of hospitalized infants, children, and adolescents. Eleven children received full treatment courses, with 10 clinical and 9 bacteriological cures. Three patients with underlying disease (two cystic fibrosis and one aplastic anemia) accounted for the failures. Mean half-life was 98.3 min (range, 26.1 to 159.3), and peak serum concentrations 10 min after intravenous infusion were similar (5 to 6 ,g/ml) on days 1, 3, and 5 of therapy. Mean urinary concentrations were 54.3 isg/ml; 31 to 47% of the drug was excreted within the 8-h dosage interval.
The drug was tolerated well by all patients; however, one patient, receiving the longest duration of therapy (26 days), developed reversible nephrotoxicity.
The emergence of gentamicin-resistant bacteria in hospitalized patients has emphasized the importance of evaluating alternative antibiotics. Sisomicin is a new aminoglycoside antibiotic derived from the fermentation broth of Micromonospora inyoenis that has many properties in common with gentamicin as well as the advantage of activity against selected gentamicinresistant bacteria (4, 6, 9, 14) . The purpose of this study was to examine some of the pharmacokinetic, clinical, and toxicological properties of sisomicin in the therapy of serious infections of children.
MATERIALS AND METHODS
Sisomicin was administered to 12 patients hospitalized at the Montreal Children's Hospital. These patients were selected by the attending physician as candidates for aminoglycoside therapy using standard clinical and laboratory criteria. Once a patient was selected to receive aminoglycosides, sisomicin was offered in lieu of gentamicin after carefully explaining the nature of the study and the differences between the two drugs to the parents and only after obtaining informed consent. Appropriate bacterial cultures and base-line laboratory studies were obtained in each case. When positive cultures were obtained before therapy, appropriate cultures were repeated during and after therapy as well. Sisomicin was administered in a dosage of4.5 mg/kg per day intravenously (divided every 8 h) over 0.5 h, and the duration of treatment was determined by standard clinical and bacteriological criteria.
All patients were carefully examined for tolerance to the drug and for hematological, hepatic, and renal toxicities by the following tests: hemoglobin, hematocrit, white blood count and differential, platelets, serum glutamic oxaloacetic transa inase, bilirubin, alkaline phosphatase; urea nitrogen, creatinine, and urinalysis. These tests were carried out before, during, and after therapy.
Audiological evaluations were performed within 72 h of initiation of therapy, and again after completion of the course of sisomicin. School-age children were studied by standard pure-tone and standard speech audiometry and impedance testing, pre-school children and infants by behavioral observation, play, and conditioned orienting response audiometry, and impedance measurements when possible. Vestibular function was tested only by clinical assessment of gait and balance. Follow-up studies included audiometry and clinical examination 2 weeks and 6 months after completion of therapy. Clinical cure was defined as improvement of initial clinical signs and symptoms during therapy; bacteriological cure was defined as the eradication of the infecting bacteria. On days 1, 3, and 5 of therapy the bladder was emptied before the dose was administered; urine was collected and pooled for the 8-h period following drug administration. On day 1, blood samples were taken before drug administration and 10 first-order drug elimination (15) . During the infusion, concentrations (C) as a function of time (t) are described by equation (1):
where k. is the elimination rate constant, Vd the apparent volume of distribution, and ko the rate of infusion. At the end of any infusion period, the concentration CT is given by equation (1) if t = T = duration of infusion. Rearrangement of equation (1) at time T provides an estimate of the volume of distribution. Elimination rate constants ke are calculated from the slope of log terminal serum concentrations versus time in the post-infusion phase from proper transformation of the following equation: (2) where C. is the extrapolated concentration at time T.
Theoretical maximum and minimum concentrations, (C.). and (C,),,i,, respectively, after an infinite number of infusions, are calculated using the following equations: (4) where (C1),,,) and (CO)a,,u, respectively, represent the maximum and minimum concentration after the first dose, and X is the length of dosage interval (8 h in all patients). (C1).,. was calculated for each subject using equation (2) and setting the time t to 8 h. Finally, serum clearances are calculated as the product ke-Vd.
RESULTS
Twelve patients were enrolled in the study; complete studies were obtained in 11. The patient dropped from the study was a 3-week-old with group B streptococcal bacteremia and meningitis, where therapy was changed to penicillin in place of ampicillin and sisomicin.
The average age of the patients treated was 9 years, with a range of 2 weeks to 18 years. Characteristics of the patients studied are presented in Table 1 . The outcome of therapy was usually influenced by a combination of the underlying disease and the in vitro susceptibility of the infecting bacteria. Two of the three bacteriological failures had cystic fibrosis, and the third had aplastic anemia. Pseudomonas aeruginosa relatively resistant to sisomicin was cultured from one ofthe cystic patients (MIC, 6.25 ug/ml) and from the child with aplastic anemia (MIC, 3.12 ug/ml); in neither case was the bacteria completely eliminated by therapy. Although bacteremia cleared in the patient with aplastic anemia, otitis media persisted, and Pseudomonas was not eradicated from this site.
Two patients were treated with sisomicin alone; in nine, sisomicin was prescribed in combination with ampicillin, carbenicillin, cloxacillin, or penicillin. Bacteria from patients receiving either carbenicillin or ampicillin combined with sisomicin were tested in vitro for susceptibility to the antibiotics used. Combinations of carbenicillin and sisomicin were synergistic against Pseudomonas in all cases; however, ampicillin and sisomicin were antagonistic against Proteus morganii. This patient had a urinary tract infection which responded well to therapy despite these in vitro observations.
Complete pharmacological evaluation was performed in 10 of the 11 patients. Collections were incomplete in patient no. 5, a 2-week-old, and half-life (t1/2) and excretion could not be ascertained. Mean sisomicin serum concentrations as a function of time after cessation of infusion are shown in Fig. 1 . As revealed by the large standard deviations, concentrations immediately following infusion cut-off varied widely between subjects, as did the rate of serum disappearance. This is exemplified in Fig. 2 . In some subjects, there was an indication that the elimination pattern followed two-compartment open model kinetics, but the limited number of data points did not allow for accurate determination of the a-phase and related distribution constants. The mean tl/2 was 98.3 min (Table 2 ).
There was no evidence of a change in ti/2 with time except in subjects 11 and 12, where t1/2 increased from 129 and 150 min on day 3 of therapy to 264 and 258 min, respectively, on day 5.
Volumes of distribution (Vd) are shown in Table 2 , both in absolute values and in percent of body weight. Although the method of calculation slightly overestimates the true value of this parameter, the values shown correspond approximately to extracellular space, as has been shown from two-compartment analysis after intravenous administration in normal volunteers (10) . In two infants (subjects 1 and 6), the volume of distribution was expectedly higher. Similarly, these two infants had a much lower serum clearance than older children (Table 2) .
There was no evidence of accumulation of the antibiotic over repeated infusions. This can readily be seen from inspection of Table 2 , where maximum concentrations do not differ appreciably on days 1, 3, and 5. There were only two discrepancies (subjects 11 and 12), and these were due, as mentioned above, to an unexplained increase in t1/2 with time. In all subjects, minimum concentrations at 4 h in the day 3 dosage interval were below 2.0 ,ug/ml. On day 5, all subjects had serum concentrations below 2.25 ,ug/ml, and most were below the method's detection limits. turned to normal within 6 months. Serum siso-1G. 2. Variations in tI/2 and serum concentra-micin concentrations in this patient never exs in three children who received 1.5 mg of siso-ceeded 10 ug/ml and trough concentrations c2 in per kg by infusion over 30 min. ug/ml, except on day 25 of therapy (abnormal Follow-up of patients has indicated no further toxicities or intolerances to the drug and no relapses of clinical disease other than in the two patients with cystic fibrosis and the one with aplastic anemia.
DISCUSSION
The present study has evaluated the use of a new aminoglycoside, sisomicin, in the therapy of serious infections of hospitalized children. In vitro studies support the use of this agent for the treatment of selected infections due to gentamicin-resistant bacteria (4, 6, 9, 14) . Preliminary in vitro studies in our laboratory indicated activity for sisomicin against some gentamicin-resistant P. aeruginosa as well as synergism between carbenicillin and sisomicin (5, 6) . Application of these findings to clinical infections in the present study resulted in excellent clinical and bacteriological therapeutic responses. Other clinical studies demonstrated a similar favorable outcome in human infections treated with this drug (3, 4) . Because cross-resistance between gentamicin and sisomicin is common, in vitro susceptibility studies are necessary to guide aminoglycoside therapy in these situations.
Previous pharmacokinetic data of sisomicin in adult volunteers and patients are similar to those described herein for children (3, 8, 11, 12) . Four subjects had extremely rapid tl/2 (<1 h), and this may indicate that age and/or health status have some influence on the elimination rate of this drug. Two of the three children with very short t4/2 had cystic fibrosis, a condition previously associated with increased excretion rates of dicloxacillin and methicillin (17) . t1/2 values for the other subjects were in the range reported by others (4, 6, 12, 15, 16) . In most cases, postinfusion serum concentrations obtained in the subjects of this sample population agree with concentrations obtained after administering the drug at the dose of 1.0 mg/kg to volunteers (7) and elderly male patients suffering from urinary tract infections (16) . Several patients had higher steady-state serum concentrations than predicted by our pharmacokinetic model. A two-compartment model may provide more accurate estimates of C.,, and Cmi for aminoglycoside antibiotics.
Sisomicin appears to behave like amikacin, of which it has been recently shown that body clearance and volume of distribution are, respectively, less and greater in infants than in adults (13) . Very little accumulation of sisomicin was detected, which is expected when the dosage interval is much greater than the t11/2 of the drug.
Steady-state serum concentrations are illustrated in Fig. 1 . Wide individual variations in serum and urinary concentrations and percentage of dose excreted noted in our study have also been described in normal volunteers (7) . There was no significant correlation between serum clearance or ti,/2 and percentage of dose excreted within the three dosage intervals where urinary levels were measured. This indicates that in children, as well as in adults (16) , there is a variable but significant contribution of infusion and excretion rates, as well as extrarenal VOL. 13, 1978 on January 27, 2018 by guest http://aac.asm.org/ Downloaded from
